In contrast to the functional bundle-branch block (BBB) which is frequently rate-related and disappears when heart rate slows, we have encountered seven cases of a paradoxic disappearance of an existing, ischemia-induced BBB in premature beats. Supernormal conduction within the blocked bundle branch was not present in any of the cases. His bundle electrography in three of the cases demonstrated His spikes before each of the narrow-QRS premature beats. The His-Q intervals of the premature beats were considerably shorter than those of the control sinus beats. This finding clearly indicated an ectopic origin midway between the ventricular myocardium and the His bundle, i.e., within the ischemic fascicles of the left bundle, or the ischemic right bundle. From their points of origin such fascicular impulses propagate antegradely toward the respective area of the ventricular myocardium, and retrogradely toward the main His bundle, and at the same time down the remaining two fascicles. The antegrade conduction time in the short pathway down the ischemic fascicle is equaled by the faster conduction through the longer pathways of the remaining, uninjured fascicles, thereby accounting for the almost simultaneous activation of the myocardium of the two ventricles and the resultant narrow-QRS complexes. Received October 28, 1972; revision accepted for publication November 11, 1972. Circulation, Volume XLVII, common rate-related BBB contrasts with the less common and paradoxic type of "normalization" of intraventricular conduction in premature beats indicating a transient disappearance of the asynchrony of activation of the two ventricles. This latter condition is produced by a variety of mechanisms of which two are most acknowledged. In the first, a late-diastolic premature ventricular beat arises from the blocked ventricle, activating it at about the same time the unblocked ventricle is undergoing depolarization following the arrival of the antegrade-conducted impulse. Such "normalized" fusion beats are preceded by the normal sinus P wave, and the P-R interval is only slightly shorter than in the control sinus beats. They are premature by only a few hundredths of a second.
Paradoxic bundle-branch block
Fascicular beats I N PATIENTS with bundle-branch block (BBB), the asynchronous activation of the two ventricles does not necessarily reflect complete cessation of conduction, but may result merely from the slowing of transit through the involved bundle. Termed functional BBB, this type of conduction abnormality is apt to disappear when cardiac cycles are lengthened and the involved bundle is given sufficient time for full recovery of conductivity. This common rate-related BBB contrasts with the less common and paradoxic type of "normalization" of intraventricular conduction in premature beats indicating a transient disappearance of the asynchrony of activation of the two ventricles. This latter condition is produced by a variety of mechanisms of which two are most acknowledged. In the first, a late-diastolic premature ventricular beat arises from the blocked ventricle, activating it at about the same time the unblocked ventricle is undergoing depolarization following the arrival of the antegrade-conducted impulse. Such "normalized" fusion beats are preceded by the normal sinus P wave, and the P-R interval is only slightly shorter than in the control sinus beats. They are premature by only a few hundredths of a second.
The second mechanism for narrow-QRS premature beats in the presence of BBB is supernormal conduction of premature atrial or junctional impulses through the blocked bundle branch.14 This usually occurs when the impulse reaches the blocked bundle during its supernormal phase corresponding roughly with the end of the T wave 543 of the preceding beat. It should be emphasized, however, that despite its wide recognition, true supernormality is a rare phenomenon and that it can be simulated by a number of unrelated mechanisms. 5' i The purpose of this communication is to report four cases of a group of seven in which a rarely recognized mechanism for the apparent normalization or narrowing of the QRS deflection in premature beats in the presence of BBB has been documented. There were five men and two women, with ages ranging between 42 and 70 years, and all had ischemic heart disease. In their control tracings, four had left BBB (LBBB) and three had right BBB (RBBB). Acute . . posterior-inferior fascicle, an1d right if the origin is in the anterior-superior fascicle. The reason for the absence of RBBB in thlis case is the existence of slow conduction through the fascicles of the left bundle, serving to eulualize the conduction times in the anatomically shorter but slower path to the left ventricular myocardium and the longer but faster path to right ventricular mvocardium. In a similar manner-, the disappearance of the left-axis deviation present in the control beat canl be explained on the basis of an equialization of coniduction times taken by the ectopic fascicular impulse to travel the short but slow path to the teirritory of the anterior-superior fascicle and the longer but faster path to the myocardium of the inferior ventricular wall via the less involved posterior-inferior fascicle (see diagrams beneath His bundle tracing in fig. 2 ). That this explanation is probablv correct is supported by subsequent observations on the ninth hospital day when active myocardial ischemia anid the ischemic pain] were no longer present ( fig. 3 A 70-year-old woman with history of ischemic heart disease was admitted because of a severe chest pain and intense dyspnea, pulmonary congestion, and a mild shock. Admission electrocardiograms taken during the first 2 days showed persistent, complete LBBB which made further interpretation difficult. Figure 4 shows selected leads from the electrocardiogram taken shortly after admission, and in each lead one or more beats marked by x are premature and ectopic, not preceded by P waves. The conducted beats display complete 
Comment
In this case of LBBB secondary to an acute anteroseptal wall myocardial infarction, ectopic beats arising from the ischemic anterior-superior fascicle of the left bundle displayed incomplete RBBB and relatively narrow QRS complexes. The area of major ischemia responsible for the LBBB was assumed to be high, above the origin of the three fascicles. Therefore, the ectopic impulses originating from the anteriorsuperior fascicle of the left bundle could reach the myocardium of both ventricles without passing through the ischemic area with decreased conduction velocity. Accordingly, the ectopic beats possessed the characteristics of regular, uncomplicated fascicular extrasystoles. 7 The theoretic localization of ischemia in the upper regions of the left bundle is consistent with the pure pattern of LBBB unassociated with any axis deviation in the conducted beats. This feature contrasts with the left-axis deviation seen in case 1 in which ischemia was believed to involve primarily the fascicles of the left bundle.
Case 3
In this 56-year-old man with acute inferior wall myocardial infarction, RBBB developed on the second day of infarction. This is shown in the left panel of figure 6 where deep Q waves, S-T-segment elevation and T-wave inversion can be seen in leads II 35'
Figure 6 Case 3. Three conducted sinus beats with long P-R and RBBB (QRS 140 msec) in A and three beats from an episode of complete heart block with an escape rhythmnpossessing features of LBBB and QRS duration of 110 msec in panel B. QRS complexes during heart block are preceded by His spikes. However, the His-Q intervals are only 35 msec as compared with 50 msec in the conducted beats. Diagrams beneath A and B, pertaining to the two types of beats indicate the propagation of sinus and ectopic escape impulses. In A, descending sinus impulses are slowed in the A-V node because of the acute inferior wall infarction (dotted area proximal to His bundle). This explains the long P-R interval. Furthermore, the ischemic injury has slowed conduction through the proximal portion of the right bundle branch (blood supply from the A-V node artery), thus producing RBBB in the conducted beats. Implicit in the normal His-Q interval of 50 msec is the persistence of normal conduction through the left bundle. In B, the beats are clearly ectopic, unrelated to the P waves. They are believed to arise from the injured right bundle branch (open circle inside dotted area), and travel antegradely toward the right ventricular myocardium and simultaneously retrograde toward the main His bundle and down the unimpeded left bundle-branch fascicles. The slow conduction down the right bundle is matched by the more rapid conduction to the myocardium of the right ventricle, using the much longer path. The activations of the two ventricles are thus "synchronized" despite the existence of RBBB, and the resultant QRS is narrower than those of conducted beats.
QRS complexes are 140 msec in duration and His-Q intervals 50 msec. In the afternoon of the second hospital day, this patient developed short periods of third-degree heart block with an atrial rate of 120 beats/min and an escape rhythm of 72 beats/min in which the QRS complexes had features of incomplete LBBB and were 110 msec in duration as compared with 140 msec in the conducted beats. The His-Q intervals of the escape beats were 35 msec, considerably shorter than the 50 msec observed during sinus rhythm.
Circulation, Volume XLVII, The escape beats from the subsidiary pacemaker are, therefore, believed to have arisen from the right bundle (see diagrams below His tracing). In this patient also, the narrower QRS complex in the ectopic beats in comparison with the conducted complexes is explained on the basis of a slow conduction through the shorter path, extending from the ectopic focus in the right bundle, to the right ventricular myocardium and faster conduction through the longer path extending between the ectopic focus and the left ventricular myocardium. 
00.01
A In this case, the narrow QRS complexes actually represent an escape mechanism rather than prematurity. Nevertheless, the case is presented because it sheds light on the mechanism responsible for the narrow-QRS ectopic beats in the presence of an already existing BBB.
Case 4
In this patient with angina pectoriis and complete LBBB, premature beats with narrow QRS deflections were nioted to occur in a parasystolic mode with interectopic intervals on 1.76 sec. In figure 7 , in which leads I, I, and V1 are depicted, the ectopic beats are marked by X. The varying coupling iintervals are quite evident and account for the appearance of fusion beats (marked F) in leads II and V1. The spatial QRS axis is +30' for conducted beats and indeterminate in the ectopic beats. Even though His bundle tracings are not available, the obvious similarity between this case and case 1 strongly indicates that the ectopic beats arose from the left bundle or its fascicles proximal to the area of major conduction delay, with an explanation similar to that given in the preceding three cases. Premature ventricular beats with RBBB configuration fusing with the conducted beats would be a possibility in the fusion complexes. However, the earlier members of the parasystolic rhythm are also narrow and, therefore, exclude premature ventricular beats with fusion as the explanation.
. Figure 9 Leads I, II, and III during vetntricular tachycardlia (left) and after restoration of normal sinus rhythm (right) taken in a 47-year-old man with recent anterior wall myocardial infarction. Narrow QRS complexes are marked by asterisks. During ventricular tachycardia, retrograde conduction with a Wenckebach pattern is present, and when retrograde condduction becomes very long, as after beats 3 and 9 of lead ill, echo or reentry into the ventricle takes place. The resulting QRS deflections are narrower than the ectopic ventricular beats but are not entirely normal because fusion between the conducted QRS and the ectopic ventricular QRS is inevitable. patient who had BBB in conducted beats.'5 Simon anld Langendorf in 1944 described three more cases of narrow-QRS extrasystoles in the face of BBB. 16 These authors accepted the interventricular septal origin of the extrasystoles with equal spread to both ventricles as one explanation. Additionally, however, they also considered supernormal conductivity in the involved bundle branch as an alternate explanation.
The findings set forth in this manuscript present yet another application of the concept of fascicular impulse formation which has been found in our laboratory to be extremely useful in explaining many complex and elusive abnormalities in clinical electrophysiology. It has proved useful to recognize that the intraventricular fascicles may in fact produce impulses and function as pacemakers. Their discharges have been found to follow a variety of patterns including single premature beats, escape beats, parasystolic discharges, selfsustaiined accelerated ventricular rhythms, and occasionally tachyeardias. Their morphologic characteristics when the basic QRS complexes are normal have been described previously.7 The present manuscript serves to indicate that they may in fact give rise to narrow or even normal-appearing QRS complexes in the face of BBB which is merely due to delay of conduction in that bundle. Of course, a complete block in one bundle, capable of preventing propagation of a fascilular impulse, will be inconsistent with the phenomenon described here.
